The impact of procedure sequence and primary procedure has not been studied in the combined application of endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) and endoscopic ultrasound-guided fine needle aspiration (EUS-FNA) in lung cancer staging. Methods In a randomised controlled trial, 160 patients with histologically confirmed or strongly suspected potentially operable non-small cell lung cancer were enrolled (Group A, n=80, EBUS-centred; Group B, n=80, EUS-centred). EBUS-TBNA and EUS-FNA with an ultrasound bronchoscope were used as the first procedures in Groups A and B, respectively, and secondary procedures (EUS-FNA in Group A, EBUS-TBNA in Group B) were added.
INTRODUCTION
Endobronchial ultrasound-guided fine needle aspiration (EBUS-TBNA) and endoscopic ultrasoundguided fine needle aspiration (EUS-FNA) are minimally invasive endoscopic methods for mediastinal staging of lung cancer. [1] [2] [3] [4] Endoscopic staging is recommended over surgical staging as the best first test for invasive mediastinal staging. 1 Diagnostic yields of EBUS-TBNA or combined EBUS and EUS procedures were reported to be comparable to conventional mediastinoscopy. 5 6 EBUS-TBNA and EUS-FNA are complementary methods in mediastinal staging because of different accessibility to the mediastinum. 7 8 Several studies have shown advantages of combined endoscopic methods with EBUS and EUS in the staging of lung cancer. [9] [10] [11] [12] [13] Wallace et al 11 reported that combined EBUS-TBNA and EUS-FNA had a sensitivity of 93% in detecting malignant nodes in patients with suspected lung cancer, which was higher than either method alone. Herth et al 12 also showed the complementary roles of EBUS and EUS in lung cancer staging. In our previous study we evaluated the additional roles of EUS following EBUS-TBNA in mediastinal staging of potentially operable lung cancer. The sensitivity in detecting mediastinal metastasis increased from 84.4% to 91.1% with
Key messages
What is the key question?
▸ Are there any differences according to procedure sequence and primary procedure in the combined application of endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) and endoscopic ultrasound-guided fine needle aspiration (EUS-FNA) in lung cancer staging?
What is the bottom line?
▸ In this study, diagnostic values and patient satisfaction were not different between the EBUS-centred and EUS-centred groups in mediastinal staging of potentially operable lung cancer. Additional diagnostic gain using EUS in the EBUS-centred group was minimal. However, a significant increase in diagnostic benefit was observed with the addition of EBUS in the EUS-centred group.
Why read on?
▸ Advantages of combined application of EBUS and EUS in lung cancer staging have been reported. However, studies on selection of the primary procedure and the effect of procedure sequence have not been performed. This study suggests that EBUS-TBNA is preferable as the primary procedure in endoscopic mediastinal staging of lung cancer.
the addition of the EUS procedure to EBUS-TBNA, although the difference was not statistically significant. Our study showed that accessibility to mediastinal nodal stations increased by adding EUS to EBUS-TBNA. 13 It has not yet been determined which procedure should be the primary procedure in the combined approach of EBUS and EUS in mediastinal staging. Procedure sequence may affect the need for a secondary procedure and patient satisfaction. EBUS-TBNA has higher accessibility to the mediastinum in operable lung cancer, which may indicate that performing EBUS-TBNA prior to EUS is preferable. 13 However, the EUS procedure is generally better tolerated than EBUS-TBNA. 14 15 An EUS-dominant procedure may increase patient satisfaction.
We performed this study to investigate the impact of the primary procedure and procedure sequence on diagnostic values and procedure-related parameters in the combination of EBUS and EUS in mediastinal staging of lung cancer. EUS-FNA was performed with an ultrasound bronchoscope based on feasibility and safety shown in the literature. [12] [13] [14] [15] In this randomised controlled study, an EBUS-centred group was compared with an EUS-centred group; we expected that the two groups would show similar diagnostic accuracy. We compared diagnostic values, change of diagnostic values by adding secondary procedures and procedure-related parameters such as cardiorespiratory parameters, complications and satisfaction scores between groups.
METHODS

Patients and study design
This randomised parallel controlled trial was performed at the National Cancer Center in Goyang, Korea.
We enrolled patients with histologically confirmed or strongly suspected, potentially operable non-small cell lung cancer (NSCLC). Eligibility criteria are listed in box 1. Patents were randomly allocated (1:1) to Group A (EBUS-centred) and Group B (EUS-centred). Randomisation was done using computer-generated random block size permutation procedures; the block sizes used were 2, 4 and 6. The randomisation was performed by an independent person and the sequence of the randomisation was sealed in envelopes. A stratification factor was the location of the primary tumours (right or left side). Patients were not informed about their allocated groups.
Procedures and measurements
EBUS-TBNA and EUS-FNA were performed using an ultrasound bronchoscope and a dedicated ultrasound processor (convex probe-EBUS; BF-UC260F-OL8 and EU-C2000; Olympus, Tokyo, Japan). Needle aspiration was performed with a 22-gauge needle (NA-201SX-4022; Olympus). Transbronchial and transoesophageal procedures were performed during a single session by the same bronchoscopist (BH).
The procedures were performed under conscious sedation with patients in the supine position. Five mL 5% lidocaine was applied to the pharynx and larynx using a spray before the procedures. Midazolam (2 mg) and fentanyl (50 μg) were given intravenously immediately before the procedures. Additional doses of lidocaine, midazolam and fentanyl were added during the procedures at the bronchoscopist's discretion. Initially, 3 L/min oxygen was administered via a nasal prong and the oxygen flow was increased when hypoxia occurred.
Conventional bronchoscopy was routinely performed in the same bronchoscopy session before the ultrasound procedures. In Group A, EBUS was performed first. After full inspection of the mediastinal nodes visible by EBUS, EBUS-TBNA was performed on nodal stations selected according to the judgement of the bronchoscopist. Following EBUS, EUS-FNA was performed as a secondary procedure on mediastinal nodes inaccessible or difficult to access by EBUS-TBNA. In Group B, EUS-FNA was performed first on selected nodes. EBUS-TBNA was added as a secondary procedure for inaccessible locations or for areas difficult to access by EUS-FNA.
Measured parameters including procedure time, number of lymph node stations, number of aspirations, amount of medications, cardiorespiratory parameters (blood pressure, heart rate, oxygen saturation (SaO 2 ), coughs and hypoxic event during the procedure), irritable movement, complications and procedure tolerance parameters ( procedure difficulty and patient satisfaction) are described in online supplementary table 1. Procedure difficulty was assessed by the bronchoscopist and a main attendant nurse with a 10-cm visual analog scale (VAS) immediately after procedures. Patient satisfaction parameters ( procedure tolerance and willingness to repeat) were measured 2-4 hrs and 3-5 days after the procedure. Patient assessment of overall tolerance of the procedure and four sensations (cough, dyspnea, pain and nausea during the procedure), were collected with 10-cm VASs.
Cytopathological examinations were performed with EBUS-TBNA and EUS-FNA samples separately by a pathologist (GKL). We recommended open thoracotomy or video-assisted thoracic surgery with systematic lymph node dissection to patients whose endoscopic staging results did not show mediastinal metastases.
Study end points
The diagnostic standard for a malignant result was the pathological confirmation of malignancy by any tissue sampling (EBUS-TBNA, EUS-FNA or surgical biopsy). The diagnostic standard for a benign result was the surgical confirmation of †Based on the international system for staging lung cancer. 28 lesions showing no malignancy. The diagnostic accuracy, sensitivity and negative predictive value (NPV) for the detection of mediastinal metastasis (N2 or N3) were calculated using the standard definitions. The primary endpoint was diagnostic accuracy in detecting mediastinal metastasis. The sensitivity and NPV in detecting mediastinal metastasis were evaluated as secondary endpoints. Diagnostic values of primary procedures and additional diagnostic benefits of secondary procedures were assessed. Other secondary endpoints were procedure time, number of nodal stations and aspirations, amount of medications, cardiorespiratory parameters, number of patients with irritable movements during procedures, complications and procedure tolerance parameters.
Statistical analysis
Based on previous studies, 6 13 the expected diagnostic accuracy of Group A was 95%. The sample size calculation was based on the precision for estimating the accuracy of Group B. 16 The expected accuracy of Group B would be the same as that of Group A. With a margin of error of 5% and a follow-up loss of 10%, the number of samples needed was 162. Diagnostic values (accuracy, sensitivity and NPV), increments of diagnostic values and additional diagnostic benefit by secondary procedures were compared using a Z test. χ 2 or Fisher exact tests were used for evaluating categorical data (gender, final diagnosis, location of tumours, clinical staging, prevalence of mediastinal metastasis, hypoxic event, irritable movement, complications and unwillingness to repeat) as appropriate. Continuous variables (age, forced expiratory volume in 1 s (FEV 1 ), blood pressure, heart rate, SaO 2 , procedure time, number of nodal stations, number of aspirations, medications, number of coughs and VAS scores) were compared between the two groups using the t test or Wilcoxon rank-sum test, as appropriate.
A p value of <0.05 was considered statistically significant. All statistical analyses were performed using Stata statistical software V.9.0 (Stata Corp; College Station, Texas, USA).
RESULTS
Baseline characteristics
Consecutive patients with histologically confirmed or strongly suspected NSCLC were assessed for eligibility (n=822) between June 2011 and February 2012. One hundred and sixty-two patients were randomised, 82 to Group A and 80 to Group B (figure 1). Two patients in Group A were excluded after enrolment, leaving 80 patients allocated to each group. The baseline characteristics of patients in the two groups are shown in table 1. There were no differences between groups in age, gender, final diagnosis, location of tumours, clinical staging, FEV 1 , baseline blood pressure, heart rate or SaO 2 . Figure 1 Enrolment and clinical course of study patients. *In two patients, distant metastases were diagnosed by bone MRI and reinterpretation of positron emission tomography (PET)/CT, respectively. EBUS, endobronchial ultrasound; EUS, endoscopic ultrasound; SCLC, small cell lung cancer; VATS, video-assisted thoracic surgery.
Results of endoscopic procedures and surgery
The clinical course of the enrolled patients is shown in figure 1 . 10 were also diagnosed as metastatic by EBUS-TBNA. Thus, EUS-FNA diagnosed six additional metastatic nodes (1 at station 1R, 2 at station 4L, 1 at station 5 and 2 at station 9). Additional gain of EUS-FNA in mediastinal staging was found in two cases. In one patient with squamous cell carcinoma at the right lower lobe, EUS-FNA upstaged from N2 to N3 by detecting metastasis at 4L station. A gain with the addition of EUS-FNA in detecting mediastinal metastasis was observed in one patient with adenocarcinoma in the left lower lobe; EUS-FNA diagnosed metastasis at 4L which EBUS-TBNA failed to diagnose. Among 51 patients in Group A for whom no mediastinal involvement was observed by endoscopic staging, six were not able to be evaluated for diagnostic values (figure 1). Forty-five patients underwent surgery and mediastinal lymph node dissection, which confirmed single station N2 disease in five patients (three at station 4R, two at station 7).
In Group B, 153 nodal stations were sampled by EUS-FNA. Metastases were diagnosed in 15 patients (3 N3, 4 multi-station N2, 8 single station N2) in 22 nodal stations. EBUS-TBNA was performed on 200 nodal stations and diagnosed metastasis at 37 locations (11 already diagnosed by EUS). Among 26 metastatic nodes diagnosed only by EBUS-TBNA (7 at station 2R, 15 at station 4R, 4 at station 7), 22 locations at 2R and 4R were not accessible by EUS-FNA. Metastases at station 7 were diagnosed only by EBUS-TBNA in four patients (EUS-FNA was negative in one patient, subcarinal nodes were not well visualised by EUS in two patients, and one patient had a mediastinal haematoma following EUS-FNA). An additional benefit of EBUS-TBNA in N staging was found in 11 cases (figure 2). Three patients with left-sided tumours were upstaged from N2 to N3. Diagnostic gain in detecting mediastinal metastasis was obtained in eight patients with right-sided tumours (all N2). Among 57 patients in Group B for whom no mediastinal involvement was observed by endoscopic staging, six were not evaluable (figure 1). Fifty-one patients underwent surgery and mediastinal nodal dissection, which confirmed N2 disease in two patients (one multistation N2 at 2R and 7, one single station N2 at 4R). The prevalence of mediastinal metastasis was not statistically different between Groups A and B (45.9% (34/74) and 33.8% (25/74), respectively; p=0.131).
Diagnostic values of endoscopic procedures
The diagnostic values of procedures in detecting mediastinal metastasis (N2 or N3) are presented in table 2. Accuracy was 93.2% (95% CI 87.5% to 99.0%) and 97.3% (95% CI 93.6% to 101.0%) for Groups A and B, respectively, which showed no statistical difference between them ( p=0.245). Sensitivity and NPV were not different between groups. The sensitivity of EBUS-TBNA in Group A tended to be higher than the sensitivity of EUS-FNA in Group B (82.4% (95% CI 65.5% to 93.2%) and 60.0% (95% CI 38.7% to 78.9%), respectively), although the difference was not significant ( p=0.056). In Group B, adding a secondary procedure significantly increased the diagnostic accuracy ( p=0.016), sensitivity ( p=0.008) and NPV (p=0.029) in detecting mediastinal metastasis, the features of which were not observed in Group A. An increase in diagnostic values by adding a secondary procedure was significantly higher in Group B than in Group A (accuracy 10.8% (95% CI 8.5% to 13.1%) vs 1.4% (95% CI 1.0% to 1.7%), p=0.016; sensitivity 
Other outcomes
Other secondary outcomes are listed in tables 3 and 4. Procedure time, number of nodal stations sampled and the number of aspirations were not different between groups. Procedure time and numbers of nodal stations and aspirations were different between groups when assessed by EBUS and EUS separately. The amount of medications used during the procedures was similar between the groups. Mean systolic blood pressure (SBP), maximum SBP and mean SaO 2 were not different between groups. Changes in these cardiorespiratory parameters from baseline were not statistically different between groups (data not shown). Cardiorespiratory parameters during the first procedure were similar between groups except mean SaO 2 that showed small difference (0.7%) in mean values. Mean SBP, maximum SBP and mean heart rate in EBUS time were lower in Group A, and mean SBP and mean heart rate of EUS time was lower in Group B. SaO 2 in EUS time was higher in Group B, although the difference was small. The number of coughs counted during the procedure and the number of patients with hypoxia or irritable movements were also similar. In Group B, pneumomediastinum was observed during the EBUS procedure in one patient and resolved without specific treatment. No other major complications were observed. The minor complications observed are shown in table 3; no intergroup differences were observed. There was no difference in procedure difficulty as assessed by the bronchoscopist and nurse assistant. In patient satisfaction parameters, we observed similar results between the groups in overall procedure tolerance, tolerance of cough, dyspnoea, pain and nausea assessed several hours and several days after the procedures. The proportion of patients not willing to return if a repeat procedure was indicated did not differ between the groups (table 4) .
DISCUSSION
To our knowledge, this is the first randomised controlled study to evaluate the impact of procedure sequence in the combined approach of EBUS and EUS in mediastinal staging of lung cancer. Our results showed that overall diagnostic accuracy was similar between EBUS-centred and EUS-centred procedures. This similarity was expected because secondary procedures were added after primary procedures to cover inaccessible locations. Additional gains by performing secondary procedures were significantly higher in Group B. We observed that diagnostic accuracy, sensitivity and NPV increased by adding EBUS in Group B. However, in the EBUS-centred group, we did not observe a significant increase in diagnostic values by adding EUS, as EUS detected only one additional case with mediastinal metastasis following EBUS. We believe the differences in additional diagnostic benefits by adding secondary procedures are based on the differences in accessibility of EBUS and EUS to the mediastinum. 7 8 13 EUS-FNA has a limitation in targeting pretracheal lesions that are easily accessed by EBUS-TBNA. Nodal stations 2R and 4R were generally inaccessible by EUS-FNA in patients with potentially operable lung cancer with relatively small mediastinal nodes. 13 In the present study, additional diagnostic benefits of EBUS-TBNA in the EUS-centred group were observed by targeting nodal station 2R, 4R and some subcarinal nodes that were inaccessible or difficult to access by EUS. EUS-FNA has an advantage in targeting paraoesophageal, pulmonary ligament and some subaortic nodes. However, in our previous study the proportion of these nodal stations accessible only by EUS was not high (6.1%) in patients with operable lung cancer. 13 When mediastinal nodal stations having at least one node ≥5 mm were evaluated in operable lung cancer, accessibility to the mediastinum was 78.6% and 50.7% by EBUS-TBNA and EUS-FNA, respectively. 13 High accessibility to the mediastinum would result in high diagnostic values in detecting mediastinal metastasis. In our study, the sensitivity of the first procedure tended to be higher in the EBUS-centred group than in the EUS-centred group (82.4% vs 60.0%), although the differences were not statistically significant in the small group of patients. High diagnostic values of EBUS-TBNA in lung cancer staging have been reported. According to meta-analyses, pooled sensitivities of EBUS-TBNA in diagnosing mediastinal metastasis were 88-93%. [1] [2] [3] In patients with potentially operable lung cancer, the sensitivity of EBUS-TBNA was reported as 81-92%. 5 13 17 Yasufuku et al showed comparable sensitivity of EBUS-TBNA with mediastinoscopy in operable lung cancer. 5 The role of EUS-FNA in lung cancer staging has been studied and the pooled sensitivities were reported as 83-89% in meta-analyses. 1 4 EUS-FNA had a sensitivity of 63-76% in patients with potentially operable lung cancer. [18] [19] [20] Although many studies have been performed on the role of EBUS-TBNA or EUS-FNA in lung cancer staging, a direct comparison of EBUS and EUS has not been well studied in potentially operable patients. Wallace et al compared EBUS-TBNA and EUS-FNA in detecting mediastinal metastasis in 138 patients with suspected lung cancer. Operability was not included in the enrolment criteria; diagnostic sensitivity was the same for the two procedures (69%).
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Given the high diagnostic yields of EBUS-TBNA and the small additional benefits of EUS-FNA following EBUS in mediastinal staging, performing EBUS-TBNA as a primary procedure may be the best option. However, EUS-FNA is generally well tolerated, and procedure tolerance may affect the selection procedure. In our study, however, we did not observe any differences in procedure time, cardiorespiratory parameters, complications, procedure difficulty or patient satisfaction between the groups. Similar cardiorespiratory parameters and patient satisfaction could be due to the fact that the procedures were performed under sedation. SBP and heart rate during the first procedure were also similar between groups, demonstrating that EBUS and EUS procedures result in similar haemodynamic effects when performed under sedation in patients with operable lung cancer. Similar procedure times, cardiorespiratory parameters and patient satisfaction may also be related to the high requirement of EBUS and relatively long procedure time following EUS in Group B. SBP, heart rate and SaO 2 tended to be better when EBUS (or EUS) was used as the first procedure than when either was used as the second procedure. This could be related to a decreased level of sedation at the end of the procedures.
The location of tumours and target lymph nodes influences procedure selection. Because a combination of EBUS and EUS in lung cancer staging increases medical costs, a single procedure is usually selected. In this study we applied stratified randomisation according to tumour location to avoid tumour location bias. In Group B an additional gain was observed primarily in patients with right-sided tumours. However, we also identified patients with left side tumours who were diagnosed with N3 disease by adding EBUS in Group B. EUS may be the preferable procedure in patients with left-sided tumours, however, adding EBUS following EUS is still reasonable to access the right side mediastinum. The location of lymph nodes suspected of malignancy in imaging studies can guide procedure selection. However, mediastinal metastasis is observed even in patients with negative findings on CT or positron emission tomography (PET). 21 22 Suspicion raised by imaging tools alone can be insufficient.
The high diagnostic yield of EBUS-TBNA, small additional benefit of EUS and similar patient satisfaction between the two groups suggest that an EBUS-centred procedure or EBUS alone is preferable in mediastinal staging of lung cancer. However, in this study we used EUS-FNA in patients with operable lung cancer with tolerable cardiorespiratory function. EUS can be a better procedure in patients with poor cardiorespiratory function. 15 Another advantage of EUS-FNA is that left adrenal gland and coeliac lymph nodes can be examined through the stomach, 23 24 although we did not use an ultrasound bronchoscope for these purposes in this study. When using EUS-FNA for diagnosis of a specific location accessible by EUS, EUS-FNA alone is a good diagnostic method. [25] [26] [27] Our study has several limitations. We used EUS-FNA with an ultrasound bronchoscope instead of conventional EUS-FNA. Disadvantages of EUS-FNA with an ultrasound bronchoscope include a limited overview due to a narrow sonographic angle, fixed needle angle and limited ability to push the oesophageal wall when using a thin bronchoscope, although accessibility of this procedure seemed similar to conventional EUS. 13 15 Another limitation is that this study was performed in a single institution. Diagnostic yields of procedures would be more affected by the experience of a single institution compared with large multicentre trials.
In conclusion, there were no differences in diagnostic values and patient satisfaction between the EBUS-centred group and the EUS-centred group. However, considering the requirement of EBUS following EUS, EBUS-TBNA is the preferable primary procedure to consider for endoscopic mediastinal staging of potentially operable lung cancer. 
